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Supplementary tables
Table S1. Biocompatibility of iron oxide-based particles.
	Type of iron oxide particles
	In vitro or in vivo model
	Toxicity analysis methodology
	Cytotoxic results
	Ref

	Bare iron oxide particles
	• PC12 cells cultured with various concentrations of iron oxide nanoparticles
	• In vitro: 0.01~0.25 mg∙mL-1 for 72 h
	• Showed cytotoxicity at 0.25 mg∙mL-1 to PC12 cells
• No signs of cytotoxicity at 0.01 mg∙mL-1
	1

	
	• A549 cells treated with various concentrations of Fe3O4
	• In vitro: treated 1, 10, and 100 µg∙mL-1 for 72 h
	• LDH leakage and decline in cell viability at high concentrations (100 µg∙mL-1)
• Similar LDH leakage at low concentration (1 µg∙mL-1) compared to non-treated
	2

	
	• Erythrocytes incubated with various concentrations of Fe3O4 nanoparticles
• Intravenous injection in rats for 6 d
	• In vitro: 100, 800, and 1600 µg∙mL-1 for 24 h
• In vivo: 12 mg∙kg-1 intravenous injection for 6 d
	• Significant damage to erythrocytes with treatment with Fe3O4 in vitro at high concentrations (800 and 1600 µg∙mL-1)
• Apoptosis of circulating erythrocyte in vivo with intravenous injection
	3

	
	• A549 cells treated with various concentrations of Fe3O4
	• In vitro: 10–80 µg∙mL-1
	• The iron oxide particles indicated no cytotoxic characteristics
	4

	
	• 14 d incubation of adult zebrafish
	• In vivo: 1 and 100 ppm iron oxide incubation
	• Iron oxide particles exhibited biochemical safety at 1 ppm but displayed neurobehavioral toxicity at 10 ppm
	5

	Iron oxide particles with Fe2O4 and MnFe2O4 core 
	• Mouse microglial cell line N13 treated with various iron oxide concentration
 • Zebrafish embryos cultured in various iron oxide concentration
	• In vitro: 0.1 to 100 µg∙mL-1 
• In vivo: 0.01, 0.1, 1, 10, 100 µg∙mL-1
	• No significant cytotoxicity at 0.01 µg∙mL-1 on N13 cells in vitro
•No mortality or defects in the embryos exposed to various concentrations in vivo
	6

	DMSA-coated iron oxide particles
	• MCF-7 cells cultured in fixed iron oxide concentration
	• In vitro: 1 - 72 h treatment of DMSA-coated Iron oxide particles (0.4 mg∙mL-1)
	• MCF-7 cells proliferated without effects on cell morphology, ROS generation, and cell viability
	7

	AA-coated iron oxide particles
	• HFF2 cell lines
	• In vitro: 72 h treatment of AA-coated iron oxide particles 
 (0.049, 0.073, 0.110, 0.165, 0.248 and 0.373 mg∙mL-1)
	• Biocompatible and nontoxic with the cell line HFF2
	8


LDH: lactate dehydrogenase; DMSA: Dimercaptosuccinic acid; AA: amino acids
Table S2. Application of iron oxide-based particles in tissue engineering.
	Target tissue
	Materials
	Fabrication methods
	M-field
	Animal model
	Results
	Ref.

	Bone
	• Scaffold: Calcium silicate, Fe3O4, PCL
• Cell: Wharton’s Jelly MSCs
	• Cells seeded onto iron oxide-laden PCL-based composites
	• Exposure to M-field for 20 min per d
	N/A
	• Upregulated osteogenesis-related gene expression with Fe3O4
	9

	
	• Scaffold: Fe2O3, b-TCP, SiO2
	• Scaffolds implanted onto the femoral head
	N/A
	• Rat femoral head defect
	• Enhanced bone mineralization and osteo-conduction with Fe2O3
• Improved vascularization
	10

	
	• Scaffold: PEG functionalized Fe2O3 (500 ng∙mL-1)
• Cells: Stromal vascular fraction cells
	• PEG-functionalized Fe2O3 used to form hydrogel
	• Static M-field (50 mT) stimulation
	• Subcutaneous implantation into nude mice
	• Static magnetic fields stimulate osteo-vasculogenic properties of the cells
• Enhanced in vivo mineralization and vascularization
	11

	Muscle
	• Scaffold: PCL, CNT, Fe3O4, GelMA, PEO
• Cell: C2C12 myoblast
	• Coaxial electrospinning [PCL-Fe3O4-CNT (core)
and PEO (shell)]
• Magnetic fibers were cut and incorporated into GelMA hydrogel
	• Static M-field (80 mT) stimulation for 10 s
	• Rat tibialis anterior muscle defect
	• Increased myogenic activities of C2C12 in vitro
• Increased muscle functionality in vivo
	12

	
	• Scaffold: Fe3O4, gelatin, polyurethane
• Cell: C2C12 myoblast (for myogenesis evaluation), and RAW264.7 (for immune response evaluation)
	• Coaxial electrospinning [iron oxide-laden gelatin (core) and iron oxide-laden polyurethane (shell)]
	• Static M-field stimulation (16 mT) for 12 h intervals
	• Mouse tibialis anterior muscle defect model
	• No significant production of IL-1β from RAW264.7 macrophages indicating no significant immune response
• By combining magnetic fields, the VEGF production was increased
• Enhanced muscle regeneration and angiogenesis were observed
	13

	
	• Scaffold: Collagen, magnetic nickel beads
• Cell: C2C12 myoblasts
	• C2C12-laden collagen bioink placed in PDMS mold and exposed to static magnetic field
	• Static M-field exposure
	N/A
	• High alignment of collagen fibers and cells
• Increased mechanotransduction activities in C2C12 myoblasts
	14

	
	• Scaffold: Gelatin, Fe3O4
	• Fe3O4 incorporated gelatin hydrogel injected into gastrocnemius muscles in rats
	• Dynamic M-field exposure (1 Hz) 30 min every 12 h for 14 d
	• Disuse atrophy model in rats
	• Increased muscle regeneration and functionalities with magnetic hydrogel injection and M-field stimulation
• Iron oxide was not observed in other organs
	15

	Tendon
	• Scaffold: GelMA, Fe3O4, CNC, PCL
• Cells: hASC
	• Electrospinning of Fe3O4-loaded PCL into short magnetic fibers
• Incorporation of magnetic fibers into GelMA hydrogel, followed by submerged bioprinting into CNC bath
	• Parallel neodymium magnet providing 208 mT of magnetic flux
	N/A
	• Alignment of magnetic fibers and hASCs
• Increased YAP/TAZ expressions
• Upregulated tenogenic differentiation of hASCs
	16

	Nerve
	• Scaffold: Fibrin, iron oxide, chitosan
• Cell: PC12 (Rat pheochromocytoma 12)
	• PC12 was seeded onto the scaffold
• Iron oxide-laden nerve guidance conduits were implanted into the sciatic nerve of the rat model
	• External magnetic field
	• Rat sciatic nerve defect model
	• Iron oxide increased production of NGF and VEGF
• Implanted conduit exhibited accelerated motor function restoration and nerve fiber regrowth
	17


PCL: poly(ε-caprolactone); tdECM: tendon decellularized extracellular matrix; CNC: cellulose nanocrystals; PEG: poly(ethylene glycol); PEO: poly(ethylene oxide); CNT: carbon nanotubes; VEGF: vascular endothelial growth factor; NGF: nerve growth factor; hMSCs: human mesenchymal stem cell; hASCs: human adipose stem cells. 
  


Table S3. Gene primer sequences used in the qRT-PCR analyses.
	[bookmark: _Hlk139435941]Gene
	Source
	Primer sequence

	
	
	Left (5ʹ – 3ʹ)
	Right (5ʹ – 3ʹ)

	GAPDH
	Homo sapiens
	TTTTGCGTCGCCAGCC
	TTTTGCGTCGCCAGCC

	Piezo1
	Homo sapiens
	ACTTTCCCATCAGCACTCGG
	AGGGTGTAGAGCAACATGGC

	TRPV2
	Homo sapiens
	CTCACCTGAAAGCGGAGGTT
	AGAGGCACCATCCTCATCCT

	Wnt
	Homo sapiens
	CCGCAACTATAAGAGGCGGT
	AAGGTTCATGAGGAAGCGCA

	b-catenin
	Homo sapiens
	GGCTACTCAAGCTGATTTGATGG
	GCAGGAATGCCTCCAGACTT

	YAP
	Homo sapiens
	CCCTCGTTTTGCCATGAACC
	AATTCAGTCTGCCTGAGGGC

	TAZ
	Homo sapiens
	AGCCCTTTCTAACCTGGCTG
	TGACTAATGCTGCTGCTGCT

	Myog
	Homo sapiens
	TCCATCGTGGACAGCATCAC
	ACAGGAGACCTTGGTCGGAT

	MHC
	Homo sapiens
	TCCTGCTTTAAAAAGCTCCAAGAA
	ACGCTTGGTGTTCACAGTCT

	TnT
	Homo sapiens
	TCAATGTGCTCTACAACCGCA
	ACCCTTCCCAGCCCCC

	Myh1
	Homo sapiens
	TCCTGCTTTAAAAAGCTCCAAGAA
	ACGCTTGGTGTTCACAGTCT

	Myod1
	Homo sapiens
	CGACGGCATGATGGACTACA
	CCCTCAAGGTTCAGCTCTGG





Supplementary figures
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Supplementary Fig. S1 | Toxicity evaluation of various concentrations of iron oxide particles in magnetorheological bioink. (a) Live/dead images and (b) measured cell viability of hASCs cultured in bioconstructs containing various iron oxide concentrations (50 ~ 500 ng∙mL-1).


[image: ]
Supplementary Fig. S2 | Mechanical properties characterization of bioconstructs fabricated with various UV doses. (a) Stress-strain curves and (b) calculated tensile modulus of bioconstructs fabricated using in situ M-field bioprinting with various UV conditions (125 ~ 1650 mJ∙cm-2). 
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자동 생성된 설명]
Supplementary Fig. S3 | Comparison between parallel and perpendicular magnetic fields. (a) Magnetic simulation distribution around the nozzle using magnet setup to provide perpendicular and parallel magnetic flux with respect to the bioink flow direction. (b) Optical images of the extruded bioink for 2 s under 125 kPa of pneumatic pressure and (c) measured volumetric flow rate using two magnet setups under various pneumatic pressures (50 ~ 200 kPa). 


[image: ]
[bookmark: OLE_LINK1]Supplementary Fig. S4 | (a) Schematical diagram of rheological evaluation process using w/ or w/o M-field. Rheological properties [(b) storage modulus (G’) and (c) complex viscosity (η*)] of the magnetorheological bioink measured using temperature sweep (4 ~ 32 oC). (d) G’ and η* values of the magnetorheological bioink at 10 oC.


[image: ]
Supplementary Fig. S5 | Biological effects of nano- and micro-sized iron oxide particles. (a) The optical density of MTT cell proliferation assay at 1, 3, and 7 d, and (b) calculated cell viability of hASCs cultured in bioconstructs incorporated with micro- or nano-sized iron oxide particles. 


[image: ]
Supplementary Fig. S6 | Comparison between in situ M-field assisted bioprinting and conventional M-field stimulation. (a) A schematic diagram demonstrating conventional magnetic stimulation (Control) and in situ M-field stimulation (GIOM, Exp. group) and (b) DAPI/F-actin/piezo1 images of hASCs loaded into bioink and cultured in Control and Exp. bioconstructs for 1 d. (c) Relative gene expressions of Wnt, YAP, and Piezo1 in the Control and Exp. Groups after 72 h of culture. The gene expressions are normalized to the expressions in cells on bioink before printing. 
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